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IBSm) OT AIBFLILBX TIiIGEI CEAB4.CIEBISII CS* 
B7 Joaohlm Ton Eoppoa 

I. IHTBOSnCTIOV 



She deTelopx&ent of airplane flight cliaracterlBtlcB 
(in oontraBt with the measnrahle performances) can he per- 
ceived dlreotl7 "by the pilot alone. The purpose of nry 
lecture, however, is only to Indicate the trend of this 
development, the ohject of which la to Increase the 8afe~ 
t7 of flight, and to eaqplaln In detail the most Important 
prohlems. In connection with the results of flight tests 
It will he shown that a series of values which determine 
the eharacterlatlca of an airplane can "bo Keaaured, thus 
making It possllilo to follow and to Influence ayatomatlox 
ally the direction of development. 

Airplane performances can he eaqpressod numerically. 
Hence the state of development and the degree of progress 
attained can always he recognized. Llkewlae the direction 
of future development Is clearly Indicated. This direc- 
tion la chiefly determined for commercial aviation hy the 
prohlema of Increaalng the maximum speed, without greatly 
Increaalng the mlnlmua apeed, flight range, and economy of 
operation. « 

She development of the flight eharacterlatlca of conf 
trollahlllty and stahlllty can he perceived directly hy 
the pilot alone, despite; the posslhlllty of measuring acme 
of the valuea which determine them. It will he very dif- 
ficult for anyone elae to recognize Improvomenta In tho 
flight eharacterlatlca or eatahllsh any definite trend. 
There la auch a trend, however, It a goal helng Increased 
aafety. 

In what followB I ahall descrlhe the development of 
airplane eharacterlatlca alnoe the war and' Indicate ther- 



"^"Sle Entwlcklungarlchtung der i'lugelgenachaf ten. " A lec- 
ture delivered at the annual meeting of tho Seutache Tor- 
Buchsanstalt fur Luftfahrt In Berlin, ITovomher 26, 1933. 
Z.7.H., Soptemhor 28, 1933, pp. 505-610. 
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dixeotlon I ex2>ect tKls d'evelopment to take In tbo Ixantedl- 
ate future. I shall consider several pro'blens whljplL nood 
to 1)0 solved. I am lndel)tod to, iny oolloaguo.. .W. Ba'bnori 
for Bovoral valua'blo suggostlona* 



II. SISCUSSIOV 
1« She Behavior of an JLlrplano a'bout Its Lateral Axis 

I will first conatder the "behavior of an airplane 
with reference to Its lateral axis, l.e.i Its longitxidlnal 
s^tahlllt7 and controllahllitya At the end of the war, 
commercial aviation was in a state of development result- 
ing from the endeavor to ohtain greater maneuverahility. 
The staDility .ahout- the lateral axis was pulrpos'ely kept., 
small or even negative; the fuselage vas generalljr short; 
tlgte tall surfaces had Bmal.L aspect ratios* .I^e control 
a-qlrfaces. had large balancing areas vhich'i due .to their 
form* were often inefficient. It was known, that increased 
stahility meant incraaso'd 8afet7« It wa^i sought, however, 
only on .largo airplanes which did not roguire any high de- 
gree of' Qftneuverahility. Frosont-day airplanes ha-^ro rol- 
atlyol^r great stahility in cruising with free elevator, 
i«e|,. with small lift coefficients. This stability was 
obtained chiefly by shifting the cent or of gravity forward. 
rn..!.roeont airplanoa tho eontor of gravity lies. 'between 15 
.and 35 percent of the mean wing chord, while more than 4Cl 
percent was common at the end of the war. She tail sui*- " 
faces of present airplanes have large aspect ratios. Long 
fuselages .are constantly increasing in favor. The mova- 
ble tail surfaces have approximately the best relati've dl- 
menBlons. The control surfaces are so well balanced (for 
the. most j;>art internally) as to require very small control 
forces, even on the largest airplanes. 

Pigure 1 compares typical and new airplane designs. 
The upper left-hand diagrajA represents a two-place pbser- 
vation biplane of 191.7; the upper right-hand diagrcpit a 
two-seat 3,933 spojrt airplane. The two lower diagrams 9.f^, 
ford a comparison of a 1921 airplane (left) and a 1931 
comaereial airplane. In order to facilitate comparison of 
fuselage length and wing span,', the scales Of the different, 
drawings' wete so chosen ^s to malie the spans -of all four' 
airplanoa equal. Tho differoncoa in the dspect ratios of 
the control surfaces and in the rolativo aise of the mOv^ 
able parts are very noticoablo. Tho elevator of the uppbr 
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.laf t-lidiLd. airplane hae t^e trlangnlar lateral "balanxslng 
aurf iacee- vhleli ?ero cLlnoet -anlTorsal tqxtarA. tho ond- of tho 
va3^<r- ^iffllM ^der ' aisjplCHiM ■ tiod «lde -all-oroas- -of short apaiii 
ffhllo the rDoeiit airplanes have narrov ailerons .'trltH'a 
span equal to aliout tvo thirds of the wins span* uhlch la 
approzlmatoly the "best value. 

Great - value Is no.v attached to the requirement -rthat-V 
with free contlralsi the speed at xhlch trim.. la o.'btalned"" 
with normal engine -poiriit he not. ereartl7 different from' 
•that ohtained with the engine throttled. With the -.^ta'hlll^z- 
er adjustment set for l^evel flight at. cruising speed, -^he- 
^rli!iming speed with the engine Idling and- "the elavatbir 'ftee 
must not he moro than 130 perepnt of- the maxlEnm horlso'li^' 
tal speod. This requirement can he hrlofly Illustrated' -hip' 
an- example. Suppose the maximum hor.l«ontal- speed of-an'--^ ". 
airplane at full throttle la about 200 km (124 mllea)- p'M- 
■hour. The noriial enslne output will then yield a horizon- 
tal, speed of about 180 km (112 mlleB) per. hour. M thlB>:''- 
fl^eed the airplane riuat' be trlmned ao that It will fly hbr* 
Isdntally with the elevator free* .If the engine la thf-bt^ 
tied, then, with the elevator free, tho airplane wlllaa-' 
..aude another condltlon'of equlllhirlum, at which (tho ^tEi~^-' 
blllsor adjuatment and .the location of the e.g. renalnls^ 
the aame) tho apeod will he groator than that for normal' 
onglno power. Thia apood muat '.not BJ^ceed. 120 percent '6f- -- 
l^he maximum horizontal ' ape'ed (which, in this example «.'1i^'s'' 
eHTSximed to -be 200 lai/'b,) , I.e., 2*40 km (149 miles) per h'dVtr. 
This requirement muat ije fulfilled. for all perjalaallJlo- po- 
attlona of the center of greivity of the airplane* It is 
also requisite that, even with the most advanced position'" 
of the e.g., tall landing a shall he poaaihlo without- 
changing the atahills^r adjuatment. 

• • - Since the- lopatlon' of the e.g., eapoclally- in pas'son- 
ger airplanea, changes grejatly with the load dlstrlhutloili 
the' required stahility' conditions must, he fulfilled for a 
very groat e.g. rango. On commercial airplanes this reingo 
is ahout 9 percent of tho ;.-.oan wing chord. Quo o£ the lat- 
est counorclal alrplanos ip. airworthy for locations of "the 
c.ga hotwoen .21 $nd 38 percent of tho ^oan wing chord; i.o., 
for a rango -of 12 porbont. '.The range is ovon-groat.ei*, - 
namely, 14 percent of the ".rieaa 'Sflng. cho.^id.:,(f.r.om. 1-5- to'-SS - ' 
percoiLt) in Ond 'of ^ho' newest '^pbrt' airplaiies. " i ■ ■ 

This Variahlllty of the e.g. with the loading uuat . 
he lesaened in future. The flight oharacterlatics are af>* 
footed in varying degree hy the looation of the e.g. Eeuco 
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It iB' ^ot- pbB«llbl'e ta d'eterntne perfectly the oha'raoterle- 
tlcd: of -<an airplane for bo great a range of the o.g* looa*- 
,tlo|ia ■ She "boBt charaoterlstloe of eaoh airplane are fully 
attaina'ble for-- only a Bingle looatlon of the o.g« Of . - 
co^rBO thlB. dooB-not mean that an' airplane with only a. 
Bmall range of c.g« location vill nee essarlly hare- l)etter 
flight charaoterlatioa than one with a large range. 

She prolailexaa, which still need to ,he- aolv-ad with re- 
Bp eet to the- statlo -atahility and oontrallahlllty -a'bout .' 
"the a'ateral axis f>or Intprovlng' the eafety, are made ohrl-" 
oua' "by plotting the characterlatiea of a recent airplane' 
on the baaia of flight tefcta* In figure' 2. the* lift ooef^ 
f-lelent la plotted agalnat the .elevator deflection for 
fiill throttle' and for clbaed' throttle. Shore ia a 8tri]i>-'. 
ing difference in the' couraa of the elevator^def lection 
onryea- f^bir> ftill throttle and cloaed throttle. At full .:' ■ 
-th'rottle the attainment of maxlnrom lift 'by- commercial- air- 
planea la ztever neceaBary* On the contr«ryt the danger o-f 
'inToluntary atalllng -muat he avoided. She .'teata ahowT ho«^ 
-e'ver, that very small elevator deflections enffioe to' ef» 
feet great changes in the lift. She variation In the lift 
la great In the vicinity of- the maximum lift. " She attain- 
ment of the maximum lift is easily pos'si'hle) as likrowlBO 
the unintentional oxc ceding of the same. Slight vartatibna 
in. the elevator deflection- may produce -great ■acceleratlofl.a 
and' consequent great Btresses in. pulling u;p' from level 
'flight or pulling out of dives.* On the co^tr,ary, with 
■orlosed throttle* when* especially in landing, the easy at*- 
tainment of the maximum lift is neceaearyt a great deflec- 
tion of the elevator is required. With closed throttle 
the variation in the lift, with variation'-in the elevator 
deflectioni diminishes with increasing lift. She cause 
of the difference in the course of the curves with full 
■throttle and' with cloaed throttle is to be sought in the 
varying degree of sta'billty and dynamic pressure on the 
eleva'tor. She degree of sta'billty Ib jrepresented in fig- 
ure 3. It can he. seen that, with Increasing lift, the 
stahility decreases with full* throttle, while it increase's 
■with closed throttle. 

■ • » ■ . ■ ■ 

Tigure 4 shows the effectiveness' of the elevator with 
full throttle and with closed throttle. In the latt.err- 
case the ef f-eetlv'ene'aa of the elevator' is fairly constant. 
It is oonsidera'bly greater at full throttle than at closed 
throttle and Increases greatly with the- lift.. Shis lnp- 
crease iu the* elevator eff ectlveneeff ' is due to the fact 
thatt with decreasing flight speed, there la an increase 
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lii the ratio' of t]is' dyxxai^lo preeflure' In the propeller slip- 
stream to the dTnaiaio' pfe'BB-are of fllglit. Trom the relar* 
talons shown,' It -follows ' that Izrrprovements will he ohtailied 
1)7 rdduoing the inflii'ehoe of the propeller slipstream on 
the stahllitj a^id on the elevator ef f act i-veness and "by In- 
oreasing the ele-^eitor ef f eotlTenesa whev fl7lng with tho' 
englhe throttledj,' ' 

.Xspeoially on* iow^ilring monoplanes « the maximum lift 
Is smaller .with closed throttle thah with fall throttle 
and, due to th& hl'anketlhg effect of tho Idling propeller, 
is also sm&ller than without the propellpr^ Likewise the 
8lof>e of the lift curve doa/da is greater with full- 
throttle than with closed throttle. Since tho magnitudo of 
tho variatlpn of lift .due. to change of direction of flow 
increases with the increase 'of . Blo;pe of the lift curve* 
tho streasds reaultlng from guata would he greater in hor- 
izontal flight than In gliding flight with idling engine 
and the aame Speed* The prohlem of wing atreasea from 
guata has yet heen hut partially aol't'ed. Important con- 
cluslona were reached, howevert from flight teata under 
the auperyialon of my colleague Sr; Tauh, aome of which 
were iiiade Iq .very atormy weather* Individual atreaaes . 
from. guata were measured, which were aa much aa 2.2 time^' 
those Occurring In unacoelerated flight. If the airplane 
had heen flown at the maximam apeed* the correaponding 
factor would he ahout 2.5. 

She atahility of German airplanea la greater with the 
elevatora. free than with them fixed. Thia la tlie result 
of the moment due to the weight of the controls, which ajr'e 
seldom halanced and. then only on. atunt-f lying airplaneaa 
It is to he e:q>ected that in future these moments -will ho 
halanced. on all airplanes., aa they are now in England. 
Thia would reault in equaliaing th^ atahility with released 
and with fixed controls and in a reduction of the control, 
forces. This reduction is considerahlei especially in 
curvilinear flight, for the following reason. If the mo- 
menta due to the weight of the controla are not halanced. 
iae.^ if the Caga of the elevator lies hehind the. azlst 
then these momdnts will increase in curvilinear flight, 
due to the centrifugal . acceleration, and result In nose- 
heavlneas. _Ihe; trlmmiQ,g condition with free control la 
thus slbTlfted to smaller angles of attack, inatead of to 
greater, aa would ho deairahlo for flying ateady curves. 
Zhia /ohatLge tajc.ea iplape in the deaired .dijrQction, ..bpfrevor . 
when t£i6'. Caga of the el.0Yatpr'.lieS ih. f rdni. 5f the axlsa 
In this' ioe$,tidn' of the Caga , not only eoA curvilinear 
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..flights t> a made vitho-at any^ nrOBe.-".be9.vlQeBa , "but even steady 
c-arvea ban "be flown with free -.eleyato^.- 

'.-'She 'biehavlor of an .airplane. aft dlsturhances Is af- 
feated not only hy the. static atahlllty, Imt also hy the 
daiirplnga The damping ahout the lateral .axis Is greater 
with fixed than with free elevator. Plgore 5 shows the 
QOiirse of the dynaij^lo pressure afte^r a dlst^rhance, once 
wj^libi free and .once ./w;lth fixed elevatoTa In hoth cases 
.the*. magnitude bf\ih^ .dlsturhanoe, the moment of Inertia. - 
iEknd..the. rearward location of -the al3i>lane e.g. were a'bo'ott 
'the'eame* -iThe Vlhrat Ions die. out much faster with fixed 
than with free elevator • .showing that the damping Is great- 
ex .la the former case. , 

' " ' %he great damping with fixed control might he utll-' 
Is^ed "bj the- adoption of devices for the fixation of the - 
elevator. In -commerolal flying the pilot^s task consist's 
principally In keeping the speed of the airplane cOnstsnj;* 
lest flights ahoweiil clearly how easy this can he when the 
elevator- position- is. kept constant hy locking the control* 
The TLse of laci^lng; devices can relieve the pilot more -than 
anything else,- even- in hllpd flying* Locking- devices were 
already- in use during the war* They .werB applied.- howev^ 
er* tb.the apntrol' stick and not to the olevatdr , . as is - 
deslrahle for the elimination of elas-tlclty and- the play 
in the control system. 

". The .greater the damping ahout- the lateral axis, the 
sooner an airplane with fixed control will come to rest 
af.ter dlsturhances and gu6ts* It Is often' endeavored to- 
.Increa'se the damping l>y the use of Iqnger fuselages..- The 
endeavor of the designer to increase the magnitude of .the 
daniping hy lengthening the .fuselage is opposed to the en^ 
deavor of the o]perator to utilise the fuselage' largjely - . 
for stowing loads.- Vhis increases the moment^ of inertia 
ahout the lateral iaxis.and nullifies the -is^rovement - ■ -■ 
sought In lengthening the fuselage. 

. ,- ■ ■ ■ ■ ■ . . - ■ .. . , • 

.. -During flight the control, surfaces undergo, rapld-.and 
quite s.trong- ylhrat lone- ahout ; their axes*- -' Deflections ..- 
up to ahout onar.degree were- observed in flight tests. 
Tlhratlon dasrj^ers are needed to save, we.ar and fatigue. of 
the controls* . ■.,>.'■• • : .■ 

■- ■ . . ' " 1 ■- ■■ ■ ■ 

The effective elevator Tang e^. should allow, complats.. 
utlll8a^lbn..6f the wing l.l;f t , .-hvit there-,niuB.t' he-'Atahillity 
ahoul; the lateral axis even with the maxisram elevator de- 
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fleotlozLa- There xnuBt "be no Instability BLtont the lateral 
axlet,^a.B l^appo&B irlth present-day airplanes, especially 
'al'^iov ' speeo, r^us rto dhanges In the direction or' the doin>- 
wa^h from the separation of the .floy in ^l^e middle of the 
wlnga- This ; rog.ulrement . irhloh is, of course, valid for 
all loading oondltions and pojaltlons ..of the throttle, now 
aedms to he impoBBlhlo pf. fulfillment^, jc^ithoughi as re* .. 
gardB Bafat7« lt is one of the most 4-^ortant tasks of t^e 
future* 

■ .■ . . ■ . ' "..ji ■ 

-The longltudlna?^ .stability of airplanes has heen. 
gradually Improved and has already attf^lned quite a high:, 
degree* The oharaoterlst Ips of .airplanes have .heen Imrr 
proved with the . sf ability,, with no .^ace<laIpanylng dlsadv^a^- 
tages. It is not Iqaown, however, whether the charaoterr^j; 
IstlcB will he still further . improved by further IncreasieB 
in the stability*. Very great stability m^y possibly qn- .- 
tail less favorable flight ^l^aracteristics* It is con- : ' 
celvable that a very stable airplane would develop longi- 
tudinal oscillations and -pitqh vloXent^y. in gusty weather* 
The question as to whethei; loioreaBlng 'th9. etabillty would, 
entail euch disadvantages, must be answered in order to 
decide whether further inprease in stability is to bo 
striven for as the direction for future .development . 7or 
this purpose and on the r ocommendatlon of tho S.T.L*, tho 
German O-overnment has ordered an airplane with exception- 
ally groat longitudinal stability, about five timoQ as 
great as tho present maximum* With this airplano. it is 
eocpocted to determine what flight characteristics, what 
advantages and disadvantages are possessed by such stable 
airplanes* In this airplane, moreover, tho dlstanco from 
the elevator to the o*g* (that is, the. damping abot^t tho 
lateral axis'). Is varlabLe* Eo^iee the effect of the dampn 
Ing, : especially .on the behavior In gusty- weather , caa-ie 
investigated* 

Airplane^, for which groat maneuverability la the 
prime requisite, will have less stability than hitherto*, 
ftreat stability with fixed elevator reduces the anglo-of- 
attaok. range attainable with the available up and down 
.defleotions of the elevator* Great stability with free 
elevator control may favor tho occurronoo of great aecel- 
eratlotts in pulling up from level flight or pulling out of 
dives* If, for example, the control Is released when the 
airplane is in the. -attitude of diving. It will level off . 
automatically. The leveling off follows more quickly the 
greater the stability with free elevator cQntrol. During 
the leveling off, stresses of considerable magnitude may 
develop* 
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In this connection, attention Is called to a common 
earro^v -- Th.^ Vl&w 'l^^^iften eatprBesed that great elevator 
control' forces -Bite' a. Aure' i>rAt«%stloji: agalnet too sudden 

-leveling of f . ■■ ' It'- is therefore recdmmbnded to "balanob the 
elevator - only a little or iLOt at all. This view, hovev-< 
erv-'ls'not necessarily correct.- In very many Instances 
the danger of leveling offftoo suddenly is Increased hy 
great control ' f6rcss« This Is always ''the case i when the 

-^ftale of eq.ud.ll1)rl-am with frde elevator lies -at relative- 
ly large lift coefficients* If the elevator should he 
released in flight at high speed, i.e.. with low lift co- 
efflolenty :lihB airplane would automatically ' tend toward 
Its-.state of' equlllhrlum at a large atiglo of attbck. At., 
high.' speed the forcoe on the control stick are thoroforo-' 
in the dlroction of the control -mot ion-' of leveling offk".l 
In.? order to level off slowlyi *the pllo1i must opposo thesd 

ifoxces. Or oat* control -.'foreee wotild therefore make It-'Aoifo 
difficult to level off ..slowly. 

-f-^Al though the' stahtllty.' of acrohatlc airplanes shOtLlA 
.net ho-.-ox(toffslv6, :lt. sho-ald. howovor, covor tho wholdJ" ." ^ 
f light v.r&n£e,- especially as' regards spinning, and -tho ■ 
change ' In :thd- oquilihrlTUB with flxod control should I'Do-'Aa 
small i'as 'posslhle* . .! .* ■'' ■I'i.i'j 

•:■.'. , j- . '■- '.-; .; i-- ■ ■. . ■ ." '- -• .:0':l'S<'^r 

' . '.:;.' ■ .. i-.TS.: .; si'-! 

-: :■ She Behavior of Airplanes ahout Their •7tt»fleGL3:'- ' 

-."' '. ' and 'Longitudinal Axes.--' ■'■-■' • 

• ■■ - .■■■:' -.'. ': ■ 

. She development of tho characteristics as rogarda'" '■ 
tho .'vertical and longitudinal axo,s of an ali^plane had not 
progressed very far at the esid of -the war. The.:workH Of-' 
Helssner and'Oehlen on -the'/comhined stahllity-'aheut-thisee 
axes, which are heing studied at tho present •tliiid, ^did"'*^ 
not receive much consideration at that time. 

-Individual stahillty a'boiit the vertical ' and' longiitL~ 
dlnal .axes. was only accidentally present la a-f ew "oadosr' 
At the end of the 'war. most airplanes. 'were apparently ^lin- 
stahle or at bbst uoutral-ly sta'ole ■ In- yaw' f or tlsfs .^'rudders 
woro almost incomprehenslhly .small according- tO'-'ptfestfift -■ 
concoptlons. As an oxamplo. figure ..6 ahdus' sildo vtows of 
the same airplanes ds ■ shdwn' in f lgUFe[ -1 'b-ud -alsfr- on -th'e-^- '■ 
same scale. The older airplanes ard seen to 'ha-ve-' smallef 
vertldBl.' tail', surf aces and short ervfus elagea ^ " 

■.. .r.- V '■.'.,■■."..• . .0 .V' J'-'i'j.- ;. j: » n — -■; . w , x''::- ."i.ri i'.' v-.j.-. 

■ s'j. .■■':>■ '.• 
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. .71al-'b'i3i^-J:7. rathoT .than, aorodynani3,o consldoratlo^B. 
TB&j, Tc^jA'[ "been gijr.ohr pore- .TTpj^glit during -the war -In d&tpr- 
mining' the' dihedral' and 8wee|j'bao]c. of ,;the wings. According 
to present conceptions the lateral cbntifol vas Inefficient 
az^d Vi^e. CQntroiL fproes epcoeBslve. .Attention has already 
heeja caXl'ed. -to the prlnblptiLl reasonpi. the long' chord and 
the alvpri...'Bpan .oY, the alle^^ons. 

' As' regetj:^^.' t)ie e;f f lalenoy of the ailerons and rudda^' 
and th.e. r!f^duptl6n of. ..the control forces, very great prog^ 
re.ss. has heen. ioade.. 'i(}rba.t htlt not Insuperahle' dlf f leul«^ 
t'las.ar'e sfll.r .encbtULt'er.ed lU adjusting the effect of the 
* Indlvldnal controls. ''As' D^iagiards the sta'blllty about the 
vertical and longitudinal axes, the development Is yet very 
Inconrplete. 

'.' Xhe specifications of the D.L.A. -require stahlllty 
ahout every axis In cruising flight. I.e., at small lift 
coefficients. They recommend for cojnmerclal airplanes si- 
multaneous stability ahout hoth axes. I.e., lateral sta- 
hlllty according to Belssner and Oehlen. Ihls requirement 
had already heen fulfilled "by a commorclal airplane, the 

20, hefore It was >ecommended In tho specifications. 
Lateral stahlllty assumes the existence and the harmoniz- 
ing of the individual stahilltles ahout the vertical and 
longitudinal axos. 

As shown In the left-hand part of figure 7, tho sta- 
hlllty ahout the vertical axis, with conventional sur- 
faces, decreases as the lift Increaaos. At high lift co- 
efficients, however, the stahlllty ahout the vertical axis 
should he great. Otherwise unintentional yawing and skld^ 
ding occur at large angles of attack. "Sae to these mo- 
tions the flight speed diminishes very quickly and tilting 
motions occur (chiefly ahout the longitudinal axis), fol- 
lowed hy a spin. It has therefore tieen sought (and quite 
successfully) to extend the stahility about the vertical 
axis to large angles- of attack by avoiding blanketing of 
the rudder as isnich as possible. The Fooke-Wulf canard, 
whose characteristics correspond to the Requirements of 
airworthiness, was made very stable about the vertical 
axis by the use of special devices up to angles. of attack 
greater than' those of maximum lift. 

Xlie dleturlilng effect of the piropeller slipstream on 
the behavior of .the airplane with respect to the vertical 
axis is likewise noticeable. With variation In the coef- 
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* 

jf.lxs'lant of..propellar.' •advanpe-i t-ber -splcar mot ion of the ' 
Bj.lp.8-t]rea2a changeB.; and coAseq,uointl7 the state of eqxLlll'b" 
•irlmu ahout . the- ▼artlcal axle* ■ . 

.The right-hand part of figure -7 shaira the rudder de- 
flection required for etralghtavay f light With (slDsed 
throttle only small deflectlone (alternately left and 
.right with increasing lift) are required for keeping the 
1 airplane on a strjf^ight course. M full throttle, on the 
qontrary, the requisite rudder deflection constantly in- 
croases-^ in- the same direction. . Jit maximum lift full- rud- 
der deflection is necessary on many airplanes fdr straight- 
away flight. 

Considerahle improvement can he effected hy extending 
t'li-.e rudder- l>elow, as. well as a'bove, the' propeller axis. 
Such rudders, w^jilph would he installed symmetrically to' 
the propeller ax^Si ■ might considerahly improTe the oontrol- 
lahlllty even. ).n. taxylngf. and especially on water.'=-'' 

Attempts will- prohahly he laade to . count erhalance- the 
yariatioii of the state of equillhrium ahout the ■ Vertloai 
.'axie hy the usp of vertical fins adjust ahle during flight. 
Existing difficulties can he overcoiie only in part "by this 
means, which is to he recommended for count erhalancing the 
turning moment on a multi-engine airplane when one of the 
enginea stops. 

The effect of the slipstream seems to make for -unsyz>- 
metrical stability ahout the vertical axis. Uauy airplanes 
■hehave differently, according to whether . they are disturhod 
on. the left or on the right. Tith such dlssynnetry the ad- 
vantages of the stahillty are not fully realizahle. This 
'condition can he remedied only hy meikiiig the airplane symr 
.metrical, at least with respect to the air flow. ' Such 
syone.try zaay perhaps he attained on a single-ohgino air- 
plane hy eliminating the spiral motion of the slipstream 
hy means, of guide vanes. British tests show that such 
guide vanee, despite their resistance,. Improve ' the flight 
performances. It might he well to emulate the British ex- 
ample, and endeavor, as soon as possihle, to ohtain syzam^ 
try of air flow on a single-en^ne. airplane. ■ 

The 'recommendation to. lock* -the elevator -for oosuner^ 
cial flights .a.pplies also- to > the' rudder. Mt^Bhtibn is ' 
called to the. fact that the fjocf control is too crude for 
the accurate maintenance of a given course and that an at- 
tempt will prohahly he made to develop a fine adjustment 
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'device for the rudder which, oe^n "be operated "by hand* 

g.tai)iiit7 ahout the longltTLdlual axle la olitaliiBd hjr 
the dihedral or sireephaok of the wings. This stahlllty' 
decreaaea, howoTor, with - increaalng lift. In preaent- 
da7 alrplanea thla; ata'blllt7 la attained onl7 for amall 
lift coef f Iclenta. If It la to he extended to larger an- 
ax^lea of attack, the. dihedral nmat he amoh greater than 
hlih^rto'* . 

It may he aaaxuned that commercial alirplanea of the 
future will have great longitudinal and lateral 8tal>lllt7'. 
It will he'neeeaaary to'.hrlng them Into harmonj* with one ' 
another, alnce the longitudinal and lateral movement a are 
lnt.erdependent« It.haa heen found that laterally atahle 
alrplanea after dlaturhancea • while returning to their 
original atate of equlllhrlum In turning ahout their ver~ 
tleal -and longitudinal axes, also rotate ahout their lat- 
..eral..axeaa ■ Thla causea conalderahle variation In the lon- 
gitudinal attitude, apeed, and flight .altitude. Ferhapa 
thla coordination of the lateral and longitudinal motlona 
la a iieault. of ..the gyroacoplc momenta of. the propeller; 
per)iapa> h7 a oorreapondlng coordination of the individual 
stahllitlee, It can he so adjusted that the .longitudinal 
oaolll'atlona. will te small. 

The ultimate goal Is an airplane whose operation does 
not require continuous manipulation of the controls for 
maintaining Its equlllhrlum, hut only in "directing," i.e. 
to keep on the- desired courae. Even thla taak of the pi- 
I'o^ will he greatl7 lightened h7 the use of automatic 
courae ccntrola* 

.Laterall7 atahle alrplanea are charaeterised h7 ^ pro 
noiinoed dihedral or sweephack of the wings and h7 great 
dainping hut moderate stahillty ahout the vertical axisa 
Both these conditions require large ruddera .and long fuae- 
lagea, when the fuselage types have no inherent stahllity. 
The ruddera and fuselages will he similar to those of the 
UeBseraehmidt and Bohrhach aiirplanea. 

3a Behavior • at -Large Anglea-of Attack 

The dangers of flight at large angles of attack are 
well known. 'Although they hav-e heen reduced in rec.ent 
airplanes I they are at ill present to a conalderahle degree 
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lAQtea«lng angle of att&cdc, ' afs- already mentioned 
the longitudinal stability decreases at full throttle and 
v.lnoTefi.4fl.0-'Vlth-..bloaed. throttle, irhlle the Btahillty. ahout 
'the^i^nglt-adinal axia'and frhdut'^the vertical tixi'8 de- 
cfs9.^ee»-. Uoreoye^, vlth In'O^ iB&slng- ll'ft\'-' the damping'. ' 
a^out the. iQXlgitudi^Lal axis dlfbinishea ab- rapidly that.lt 
.rea«hee nero In- the-, vicinity of ' the- maxlinam-' lif t« 

Acaordlng to how rapidly the various atahlllty char~ 
acterlatloa changai the f ollovlng phenomena .will occur In 
gradual atalXlng;- .' • ■ ; '" ^ . 

a) On pulling the elevator contrdli ' the airplane '" 

■pltahee suddenly ■ forward; ■ " ' ■■ ■- 
: ,.. . . ■ ... , ■ ■ ■■ • ■ ■ . .■■.■';«■■. 

"b)- The alrplvne yawa*' aklda, loadii; apee'd'/ afnd alde^, 
■ ■ Bllpa-; . . '. ■' y. 

. T^he alTplane -tllpa aidewlaA itltfaoiit -p'revlpuq^.yaiB|;lng 
.due: -to i.the d^oreaae- In the dajnplng a'boiut' thei 'ion- 
... .: -.glticedijttaa axl»,'. ■■ ■ •■ 

•All' thro* phenomena 'a"r"6 al-lte"lliangtw:dua , eapeic4al3.y" 
at a -loir altitude,' .-It 'Ib' dsdlret-hao that; nel their', ';<Jf' the ^ 
deacrlhed phenomena shall occU'3^,-•"■lre. i' that' staVl'llt^ 
and equlllhrlxim a'bout all the axes shall exlat. at all at- 
. tainfkil'e .ang-les- .tif ■ aij-tabjc. It *l-ir not "tr'e poselljlV to. at- 
tain thlei: goal In' th'B ."noar futtite, since thV t'otjiif' Tlfit 
range of- the *lng-.taUBt be' utilized. " 

- The. -Immediateijgoal' is' the prevent l-ton"'o'f sudden tu^rna 
and the ohtentlon of control effecta malcliig- it p'o'sslble 
to counteract every unstable motion. Moreover, t^ere will 
always be a unl'veTsal endeavor to' extend the - damp l^ig. about 
the 1-bngltudlna-l axis .up to the' maxlmUim: 1-lft 'bf-'-th'e iring* 

•■ Landing CharacterlfltlfeB ■ 

With perfect flight characteriatica. the difflcultlea 
of landing depend on the landing speed, the length of the 
landing run and .the- smalln^se.<of .-the ]!>aih aligle' Juat be- 
fore landing. Even at high wing loading, the landing 
apeed la now kept within safe limit a b^ the uee.of winga 
with high maximum .lift • The 'laadiiig rufia' tife"B£or'i;ejied by 
the -^uaef.o-f ,.;fltheel* brakaai-* With the' inb^dfese ' in *thS 'ae.ra- ' 
,.d3rnamia '-re^iftemAnt af -difplanea thtf flight -'pa-lih- J-dart'-'^e- 
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fo«^^Ta,lldlglg 'h«.a'' &on<:t'a]itTy' own- 'flatter-. There aire two 
wayB- to fthortea thebaa^dtil'B-.'crlljffA-: ,■■ : . 1 •• 1 ' _• 

. •. . ■■ :. . 'X ■ ' ■ . '■• 

■ ■ a) Landlxtg la the dtliLltod -a'oildtnnbn"-'bar' making thd' axt- 

-gle of glide gi'^teV -t^an -^In db-i^mal f-l'lght; ' 

..w i- .o ..••.«■ -■. . ' : : ■ I ■ 

■ -1)) Ua Ing ■ deva^oee f or^ Vk-X'yl'xig- the abgW -''df\- glide -Vrl'th*- 

. :. ■ .-.I • .■ sti'n. - . ■ "... . . . ■ ■. . /. j 

Landing In stalled flight aaBumee adequa'td 'ob'jitron%i~ 
billty in thia condition. This stage of development has 
not yet heen even approximately attained. Xven with ade~ 
qxiate controllahlllty , the dlff Icultlea of auch a landing 
would he great, since the •I'ev^elisig- oVf -^otild have to he .-. 
aocompllahed hy reducing the eCngle of- 'attaioka 

Quicker practical results can he expected from the 
second method, varying the angle of glide hy apecial con- 
trols without leaving the range of normal flight. Such a 
control, with the aid of which the lift dlstrlhutlon and 
consequently the Induced drag oan he alj^ered, was developed 
and tested hy the D.T.L. according to Buhner's specif lcar> 
tlons. This device, although in a simple experimental 
form, enahled a varlahlllty of over 60 percent In the an- 
gle of glide and over 40 percent in the length of the land^ 
Ing glide. The control of such a device is very much almr 
pier than landing in a stalled condition. 



III. COHCLUSIOIT 



I think I have mentioned the most Important prohlems 
in the Improvement of flight characteristics. They are: 
the extension of atahillty ahout the airplane axes to the 
whole flight range; coordination of the individual stabll- 
Ities for ohtalnlng stahlllty of coordinated motions; dlqr 
inutlon of the dlsturhing effect of the slipstream; and 
increasing the range of the angle of glide. 

The immediate goal of these prohlems ia the develop- 
ment of flight characterlatioB in the- direction of Increaa- 
ing the safety. The cottBlderations apply, however, only 
to airplane type^ whose hehavior la well known. I.e., tiQ 
airplanes of the conventional type mi^d to t^e canard t^e. 
Tor the development of the tailless and windjalll (autogl^o) 
airplane typesi the knowledge of ihelr properties and pes- ^ 
alhllitiea la at 11^ inadequate. 
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mien I said that the charact erlatlcs of the oonTen- 
tlonal and canard tTpee are known to -uBi I had In mind 
the prograaa made since the war. He are now able to de- 
termine the characterlstlcB of an airplane 'qtualltatlvely 
or quant It at It ely and thereby to promote development In 
the directions shown by practical eacperlence to be the 
most e^adlent. Uy department Is cooperating In this de~ 
velopment by determining the charact eristics of the air- 
planes and clarifying their relations to the asrodynai»- 
to stresses. 



Ipanslatlon by Swlght U. Miner • 
National AdTlsory Committee 
for Aeronautics. 
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figure 1.- Conrparlaon of horizontal tall Burfaces 
of old and new airplane b. 
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Pigure 2.- Lift coefficient c^^ plotted against 
elevator deflection 
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figure S.- Lift coefficient c^ plotted Ofainst 



static longitudinal st'^'bility. 
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figure 4.- Lift coefficient c^ plotted agednst 



static elevator effect 
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Tull throttle. (7roin flight test). 
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Tlgiire 5.- CourBe of dynamic 

pre B sure with 
longitudinal vlhratlonB for 
free elevator and for fixed 
elevator. 
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Flgiire 6.- ConrparlBon 
of vortical 
tall surfaces of old 
and neiT airplane b. 
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Figure 7.- Lift coef- ■ 
flclent Ca 
plotted against static 
Btabl7.1ty dCms/iiT 
about vertical axis 
emd against rudder 
deflection Sg for 
straliBjhtaway flight. 
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